Applying a pulse-train input t o a spiking chaotic oscillator, the chaotic dynamics is quantized. The quantized system can output various pulsetrains that can be used as a rich coding source. Such quantized dynamics is analyzed rigorously using the computer. As an application, a basic multiplex communication system with pulse interval modulation is also shown.
INTRODUCTION
In this paper, we consider quantized chaotic dynamics and its application t o communications systems. The basic system is a chaotic spiking oscillator that can output chaotic pulse-train governed by a 1-D map [l] .
Applying the impulse-train input to the oscillator, the chaotic dynamics is quantized and the chaotic 1-D map is changed into a quantized map (Qmap) . The Qmap has various super-stable periodic pulse-trains( SSPTs) and exhibits one of them depending on the initial state. The rich dynamics in the Qmap can be analyzed rigorously using the computer. We then introduce a basic application scheme to multiplex communications systenis [2, 3, 41. In our system, an information source is transformed into an suitable set of the SSPTs by pulse interval modulation. All the SSPTs are multiplexed and transmitted to the receiver side via single transmission line. In the receiver side, the transmitted signal is demultiplexed and recovered automatically using a dynamic winner-take-all function.
Chaotic maps are very important objects for both theory [5] and engineering applications including conimunicatioiis systems [6, 7, 8, 9, lo] . In the chaos-based CDMA systems, it is important to consider the correlation characteristics and the BER for noisy channels [6, 71. In our Qniap-based multiplex system, transmitting information is represented directly by the SSPTs and the digital transmission line is assumed to have efficient repeaters. Note that the SSPTs from Qniap is different from quantized chaotic orbit from the chaotic maps, and that the Qmap relates deeply t o digital circuits and cellular automata [11, 121. 
CHAOTIC SPIKING OSCILLATOR

Figure 1: Spiking oscillator
The spiking oscillator is shown in Fig.1 
the circuit dynamics is described by
where b ( r ) is base with period 1 and S ( T ) is pulsestimulation with period $. In order to characterize the pulse-train y ( '~) , we introduce the n-th pulse-position, Fig.2 shows the waveforin and corresponding return map for
where U denotes the unit step function. The return inap is identical with the cut map. 
QUANTIZED CHAOTIC DYN.AMICS
Let us consider the dynamics of the spiking oscillator with periodic impulse-train input,
Note that the tiiiie-average of S ( T ) is kd corresponding to the constant SO of the DC input in Example 1. Fig.3 shows typical waveform where we can see that x can reach the threshold only when pulses in s(7) arrives t o the oscillator. Hence the pulse position i,s quantized and is restricted into the lattice. Note that the quantized pulse-train is super-stable for initial pulse position
'TO E R+, because the next pulse position 71 must be restricted on the lattice A l l :
Then the chaotic pulse position map and return map are changed into the following quantized maps (&map),
where INT(X) denotes the integer part of X .
inap for (Example 2) Fig.3 shows the waveforni and return n=l where U denotes unit step function. That is., this impulsive train input quantize the cut map in Example 1.
The quantized system can not exhibit chaos but various super-stable periodic behavior depending on the initial condition. In order to consider the behavior, we give some definitions.
Definition:
Let T* be a pulse position and ltt, 8* = T* mod 1. T* is said to he periodic with period p if GP(0") = e* and GI (e*) # e* for 1 5 T < p , Note that a trajectory started from an eventually periodic pulse-position F enters into a periodic pulsetrain. In the analysis of the quantized system, it is basic and important to elucidate the sorts and the nuniber of the super-stable periodic pulse trains. Since the quantized niap is equivalent to a map from an integer set to itself, we can analyze the dynamics rigorously by using the coinputer in principle. In this paper, we provides a theoretical result for Example 2.
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Theorem: Let N ( d ) (2) and (9), N ( d ) is given by the following (see Fig.4 ): [13] 
CONCLUSIONS
The Qmap and the spiking oscillator have interesting dynamics, and the SSPTs might be useful as rich coding sources. These concepts might play an important role in a novel coniiiiunications system. Now we are considering effects of the system parameters for the Qniaps dynamics and performance of the coniniunication system.
